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1 INTRODUCTION 
Breaking is initiated when the wave topography becomes steep then the wave becomes unstable and dis-
sipates the energy in the form of turbulence, while a significant amount of air is trapped. Breaker types 
can be classified into four different types, namely spilling, plunging, surging and collapsing (Galvin, 
1968). The breaking process is strongly influenced by the local water depth, wave steepness and sea bed 
slope. An exact numerical modeling of wave breaking process is intricate due to the strong non-linear air-
sea interaction at the free surface, air entrainment and turbulent production, transport and dissipation pro-
cess. Since there are many challenges to model the breaking process numerically, most of the studies on 
breaking waves are limited to field and experimental research. Ting and Kirby (1996) investigated the 
turbulent structures spilling breakers in the surf zone. Further, they studied the different wave breaking 
process between different types of breaking waves.  
Longuet-Higgins and Cokelet (1976) first proposed a mixed Eulerian-Lagrangian formulation (MEL) 
based on potential theory to simulate breaking waves in deep water. Later, the method was modified the 
application to finite water depth by Vinje and Brevig (1981). However, most of the numerical models 
based on potential theory can describe the breaking process until breaking, but these model cannot model 
the impingement of the water jet during breaking (Chen et al., 1999). Wave breaking process can be de-
scribed numerically with a model based on computational fluid dynamics (CFD) method without specify-
ing breaking criteria. In addition to that most of the physical flow properties such as interface defor-
mation, velocities and turbulence can be evaluated in detail. Numerous studies have attempted to simulate 
the breaking waves with a single phase viscous model which does not account the role of the air and the 
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ABSTRACT: In the present study, spilling breaking waves are simulated using a numerical model with 
interface capturing technique. The numerical model solves the Reynolds-Averaged Navier-Stokes 
(RANS) equations on a uniform Cartesian grid and complex geometry is modeled with a ghost cell im-
mersed boundary method. The flow problem is solved as a two-phase flow of air and water with the free-
surface is represented by the interface between the two phases. Thus, the level set method (LSM) is used 
to capture the complex free-surface changes. The temporal and spatial turbulent kinetic energy in the 
breaking waves is described by k-ω model. The conservative 5th order weighted essentially non-
oscillatory (WENO) scheme is employed for the convective discretization. A much stronger coupling be-
tween velocity and pressure is obtained by using a staggered grid which is essential for a two phase mod-
el. The present model is fully parallelized using the message processing interface (MPI) library routines. 
The main focus of the present study is to investigate the wave breaking wave process over a sloping bed. 
The paper discusses the changes in the free surface profile, water surface envelope, and horizontal veloci-
ty in different regimes during the breaking process. Numerical experiments are carried out with the 5th 
order cnoidal waves on a plane slope 1/35. The present numerical model is validated and compared with 
the experimental data. The results from the numerical model are in good agreement with the experimental 
data concerning water surface envelope and horizontal velocity.  
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density variation at the interface such as Bradford (2000); Lin and Liu (1998); Zhao et al. (2004). Further, 
it has been demonstrated that the importance of a two phase viscous flow models in the simulation of the 
breaking waves (Chen et al., 1999; Christensen, 2006; Hieu et al., 2004; Jacobsen et al., 2012). Moreover, 
these studies investigated turbulent characteristics and the undertow profiles. The present numerical mod-
el was utilized to study the wave transformation over a submerged reef with a slope of 1/10 with the 5th 
order Stokes waves and the main focus was to investigate the wave breaking process. The results from the 
numerical model showed a reasonable agreement with experimental data (Alagan Chella et al., 2013). The 
main focus of the present study is to investigate the breaking process with the changes in the free surface 
profile, wave surface elevation and the horizontal velocity. Moreover, the intention of the paper is to in-
vestigate the wave breaking process of spilling breakers over a sloping seabed using a two-phase flow 
three dimensional (3D) CFD model. The present 3D numerical model is utilized in a two dimensional 
(2D) setup to simulate the breaking waves over a sloping bed. To validate the present numerical model, 
the numerical results are compared with the experimental data by Ting and Kirby (1996). The changes in 
the free surface profile and velocity in different regimes are studied in the surf zone. The results from the 
numerical model are in good agreement with the experimental data concerning instantaneous free surface 
elevation, instantaneous horizontal velocity and wave group envelope. 
2 NUMERICAL MODEL 
2.1 Governing Equations 
In the present study, the incompressible Reynolds-Averaged Navier-Stokes (RANS) equations are solved 
together with the continuity equation that describes the conservation of mass and the momentum. The 
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U is the velocity averaged over the time t, x is the spatial geometrical scale, ρ is the water density, ν is the 
kinematic viscosity, νt is the eddy viscosity, P is the pressure, and g is the gravitational constant. A stag-
gered uniform Cartesian grid is used in the model in order to make the computational domain simple 
which enables the direct implementation of finite difference numerical schemes. Discretization of the 
convective term of the RANS equations is accomplished by the 5th order Weighted Essentially Non-
Oscillatory (WENO) scheme (Jiang and Shu, 1996). This scheme has 3rd order accuracy for discontinu-
ous solutions and has 5th order accuracy for a smooth solution. A 3rd order total variance diminishing 
(TVD) Runge-Kutta scheme, a three-step scheme is adopted for the time discretization (Shu and Osher, 
1988).  
The temporal and spatial turbulent kinetic energy in the breaking waves is described by the k-ω model 
(Wilcox, 1994). The two-equation model has two transport equations for the turbulent kinetic energy, k, 
and the specific turbulence dissipation, ω:  
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where Pk is the production rate, and closure coefficients α = 5/9, βk = 9/100 and β = 3/40.  A ghost cell 
immersed boundary method is implemented to describe the solid boundaries in the fluid domain and the 
algorithm is based on the local directional approach by Berthelsen and Faltinsen (2008). This methods 
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